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“TROPCFELCT" 
AN IMPROVED FORTRAN CCMFLTIER PRCGRAM FCR 
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ABSIRACT 


ieee weeere tris SPULY WAS TO DEVELOP A HIGHLY 
meeematc LONG RANGE CCMPUTER PRCGRAM TQ ODO PREDICTIONS OF 
fee OsPHERTC RADIO FRANSMISSTIGN LOSS OVER IRREGULAR TERRAIN. 
Seem OMPUTER PROGRAM WAS TO BE EASY TO USE WITH AN INPLT AND 
ew P UT DATA PorweeseeCdetnhaAl THE USER CCLLO USE TFE PRCGRAM 
meee litle PRIOR INSTRLCTICN. SIGNAL STRENGTH CALCULATION 
Meee el?tTyY WAS ALSO TC BE INCLUCEC IN TRE PROGRAM. TFE BASIS 
fmfeiceeiimnec PROGRAM TREORY WAS ESSA RESEARCF REPORT NUMBER ERL 


Meo Os "PRELICT ICN OF TROPCSPHERIC RACIO TRANSMISSION 
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I. INTROCLCTION 


WHEN RE POWER RACIATES ERCM A TRAKSMITTING ANTENNA IT 
iS SPREAC OVER A WIDE AREA. TEUS;, THE PCWER AVAILABLE AT THE 
RECEIVING ANTENNAS IS CNLY A SMALL PART OF THE RADIATED 
POWER. 

THE LOSS DUE TO TRANSMISSICN BETHKEEN TEE TRANSMITTING 
AND RECEIVING ANTENNAS DETERMINES IF THE RECEIVED SIGNAL 
BIEL BE USEFUL. PCOR GUALITY CR PCOR RELIABILITY CAN RESULT 
IF THE MAXIMUM ALLCWABLE TRANSMISSION LOSS FOR TKE RACIO 
SYSTEM IS EXCEEDED. CX PATHS THAT APPROXIMATE THE IDEAL FREE 
SPACE OR PLANE EARTH, FAIRLY GOOD PREDICTIONS OF 
TRANSMISSION LOSS CAN BE MADE. THE ACTUAL PATH GECMETRY OR 
ATMOSPHERIC CONDITIONS IN THE REAL WORLD CIFFER SC PUCK FROM 
THE BASIC ASSUMPTIONS THAT ABSCLUTE ACCURACY CANNCT BE 
EPEC TED. 

THERE IS GREAT INTEREST TODAY IN  RACIO. WAVE 
PROPAGATION BEHAVIOR IN THE TROPCSPHERE, WHICH IS THE LAYER 
OF THE ATMOSPHERE WHERE CLOUDS CAN EXIST. ITS UPPER LIMIT, 
MME THE TROPOPAUSE, 1S AT A HEIGHT OF ABCLT SIX 
KILOMETERS AT THE POLES AND ABCLT EIGHTEEN KILCMETERS AT THE 


EQUATOR. 





Pew CUMPEEX SF URPULAS HAVE BEEN CERIVED TO MAKE BETTER 
Bier CTICNS OF TRGPOSFPrFERIC RACIQO TRANSMISSION LOSS OVER 
MeeeourAk TERRAIN. THESE EQUATIONS HAVE BEcN PUT TOGETHER IN 
Deven 10 ESTABLISH A PROPAGATICN THEORY. THE THEORY HAS BEEN 
TESTED AGAINST A LARGE NUMBER CF PROPAGATICN MEASUREMENTS 
Seieenas HELO UP QUITE WELL. THE MORE ACCURATE THE THEORY THE 
MORE EQUATIONS NEEDED. 

Pini oew Ay ANE ACE ACCURATE THEORY REQUIRES A LOT OF 

\ 

TIME TO SOLVE MANY CCMPLEX EQLATIONS. A COMPUTER IS NEEDED 
[PmeeCOMBINE THE NUMEROUS EQUATICNS AND SGLVE THEM IN A SHORT 
Preunt OF TIME GIVEN CERTAIN NEEDED INFGRMATICN. BEFCRE A 
PeMPUTER CAN BE USED IT MUST HAVE A SCFTWARE PRCCRAY WHICH 
MMO’ NES THESE WELL ESTABLISREC EQUATICNS IN AN ORDERLY 
FASHION IN ORDER TO ARRIVE AT A NUMERICAL SOLUTION. 

MewvieyeriGGo ESSA RESEARCr LABORATIRIES PUBLISHED A 
Pentre AE REPORT TITLEL: PRELICTION OF TROPOSPHERIC RADIO 
| TRANSOISSICN LOSS OVER ISRECULAR TERRAINA_A_ COMPUTER NETHEDS 
1968 BY Aw Ge. LONGLEY AND P. Le RICE. THE REPORT NUMBER WAS 
pea (9-ITS 67. 

i= Soke POR | “CONTAINED A COMPUTER METHOD FOR 
PREDICTING LONG TERM MEDIAN TRANSMISSION LOSS OVER IRREGULAR 
TERRAIN. THE METHOD WAS APPLICABLE FOR RACICG FREQUENCIES 
ABOVE 20 MHZ AND MAY BE USED EITHER WITH CETAILED TERRAIN 


PoOrwbes FOR ACTUAL PATHS CR WITH PROFILES THAT ARE 





eee oe ATIVE OF MECIAN TERRAIN CFARACTERISTICS FOR A GIVEN 


AREA. ESTIMATES OF VARIABILITY IN TIME ANC WITH LOCATION AND 


meeetonuD FOR COMPUTING SERVICE PROBABILITY WERE INCLUDED. 


THE PROGRAM GIVEN IN THE REPORT WAS VERY LIMITED IN 


MmeewPiRECT APPLICATIGNS. IT WAS WRITTEN FCR USE CN A CCNTROL 


DATA CORPORATICN COMPUTER, WHICrF MADE IT UNUSEABLE FOR AN 


Meme COMPUTER. THE PROGRAM, AS WRITTEN, COULD NOT READ IN 


Ora FROM A CARD SOURCE. THE WORK INVOLVcD IN THIS THESIS 


See oe NU NEW PROPAGATION THEORY, HOWEVER; IT DOES COMPLETELY 


meworRnk THE SOFTWARE COMPUTER PROGRAM IN THE REPCRT IN GROER 


meeranwe IT MORE EASY TO USE, MCRE FLEXIBLE ANC ACCURATE, AND 


Mees0eES IN THE OGUTPUT, A GRAFHICAL PLCT. IT ALSC RETURNS 


SIGNAL STRENGTH. 


iaeeeeeraAGAall@N PROGRAM IS INTENDED FOR USE WITHIN THE 


FOLLOWING RANGES: 


PARAMETER RANGE 
FREQUENCY 20 TO 40,000 MHZ 
ANTENNA HEIGHTS Oem COCO M 
DiS TAKCE 1 TO 2,000 KM 
Sees we eEFRACTIVITY 250 TO 4C0 N-UNITS 





feeeeeNNGLE OF ELEVATION OF EACH HORIZGN RAY ABOVE THE 
fie ONTAL SHOULD NOT EXCEED 122 DEGREES; AND THE ODOISTANCE 
Seereeeach ANTENNA TO ITS HORIZCKN SHOULD NCT BE LESS THAN ONE 


TENTH, OR MORE WHAN THREE IiMiesq tte CORRESPONDING 


SMOOTH~EARTH OISTANCE. 





If. COMPUTER FROGRAMMEC TRANSMISSION THEORY 


MeeeemcoolnGet NTE THE PARTICULAR ASPECTS OF FCW TO USE 
foe ROGRAM, A BRIEF CENERAL CUTLINE OF TRE THEORY USED IN 
ieeeernt (9 — [7S €f REPORT WILL BE GIVEN. 

RADIO TRANSMISSICN LOSS IN TROPOSPHERIC FROPAGATION 
DEPENDS ON CHARACTERISTICS Celie SwAIPCSPRERE AND LERRAIN. 
mime er RACTIVE INDEX GRADIENT NEAR TRE EARTEF*S SURFACE IS 
gemeest IVMPCRIANT ATNOSPHERIC FARAMETER FOR PRECICTING A 
meorreR™ MEDIAN REFERENCE VALLE OF TRANSMISSION LOSS. THIS 
BeeeACE GRAQIENT LARGELY DETERMINES THE BENDING OF A RADIO 
Mememeoom if) PASSES TRROUGH THE ATMCSPHERE.~. RAYS MAY BE 
Meee eoeNiED AS STRAIGHT LINES, &KITHIN TRE FIRST KICCMETER 
Pmeves dime EARTH'S SURFACE, IF AN “EFFECTIVE EARTH RADIUS", 
meeectr li NED AS A REFRACTIVITY. 

Pets ttl CALCULATICN i tiibteewiNG- TERM REFERENCE VALUE. 
Ae MINIMUM WeeaNeevALCUE 15 PICKED 10 CFARACTERIZE AVERAGE 
ATMOSPHERIC CONDITIONS. THE MINIMUM MONTHLY MEAN VALUE OF 
PUREACE REPRACTIVITY IS OBTAINED FROM MEASUREMENTS FROM SUCH 
MAPS AS BEAN; HORN, AND CZANICH (1960), Clery LC CHARTS 
SoomonataA GF THE RALCIC REFRACTIVE INCEX; POReetine UNITED 


STATES AND THE WORLD," NBS MCACGRAPH NG. 22 (U.S. COVERNMENT 





Mee Nt ING OFFICE, WASFINCTON, C. C.) 

ee se wenCrert EC'S, SUCH AS CHANGES IN THE REFRACTIVE 
INDEX, CHANGES IN THE AMCUNT CF TURBULENCE OR 
STRATIFICATION, ABSORPTION BY CXYGEN, WATER VAPOR, CLOUCS, 
PremeRECIPITATION, ARE ALLOWED FCR BY EMPIRICAL ACJUSTMENTS. 

eto CALCULATIONS ARE INCLUDBO TC HANCLE EFFECTS OF 
PeeeeorheRiC SCATTER AND DIFFRACTICN DUE TO KNIFE EDGES, 
ROUGH TERRAIN, ANC SW¥YCOTH SPRERICAL EARTH. SHORT AND LONG 
TERM FADING ADJUSTMENTS TQ MEDIAN ATTENUATIONS ARE ACCOUNTED 
FOR BY CERIVING FACTORS WHICH CGME FRCM¥ AVERAGING FADING 
MEASUREMENTS MADE CN MANY CIFFERENT PRePeSPHER LE 
COMMUNICATIONS SYSTEMS. 

ave weer eFiLES ARE AVAILABLE FOR SPECIFIC PATES, 
MemohMiSSICN LOSS CAN Preece ulAT ED. 91a CHARACTERIZE 
Memes PROFILES MAY BE REAC AT REGULAR INTERVALS IN BOTH 
N-S AND E-W OIRECTIONS OR ACTUAL CR PROPOSEC TERRAIN 
CONDITIONS MAY BE COMBINED Pe OvVlUGee SlNGLE “S61. UF 
PROFILES FOR WHICH AN ESTIMATE OF WEDIAN FRCPAGATION 
mene riagnNs 1S DESIRED. THE iINTERDECILE RANGE CF TERRAIN 
focomiso ABOVE AND GELCW A FIXEC LINE FITTEL TO ELEVATIONS 
SmeveeocA LEVEL, IS CALCULATEC AT FIXEC CISTANCES. USUALLY 
MEDIAN VALUES OF THE INTERDECILE KANGE INCREASE WITH PATH 
iewcrtietG AN ASYMPTOTIC VALUE WHICH IS USED 10 CHARACTERIZE 


THE TERRAIN. 





mere GF TERRAIN Posy neo TCe VAGUE (METERS } 
GE ONGERDECTEE HeELGHT 


VERY SMOOTH PLAINS OR WATER Uz 
SMCCTH PLAINS eau 
elon ty SOLE ING PLAINS 2CU-40 
RCLLING PLAINS 4C-2&0 
mL S 807150 
MCUNTAINS 15 0-300 
RUGGED MOUNTAINS S0'0—700 
what y RUGGED MOUNTAINS > {00 


(eRe Cwm eer ERENCE VALLES OF TRANSWISSICK LCSS FOR 
Pee ECIFIC APPLICATION; A MINIMUM GF FCUR ESSENTIAL 
PARAMETERS MUST BE SUPPLIED. THESE FCUR FARAMETERS ARE 
FREQUENCY IN MEGAHERTZ, THE TRANSMITTING ANC RECEIVING 
ANTENNA FEIGHTS ABCVE GRCUANC IN METERS; AND TFE PATH 
PeoreiGe ele KiLOMETERS. PATH PARAMETERS SUCH AS HORIZON 
Perce SAND SEE EVAT IGN ANGLES; MAY ALSO BE DERIVED FROM THE 
PReecEQING PARAMETERS. 


Pieeemimeetivity OF TRE EARTH'S SURFACE AND ITS 
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pee I VITY OR RELATIVE DIELECTRIC CONSTANT ENTER INTO THE 
omer ArTONS FUR LINE-OF-SIGHT ANC DIFFRACTION ATTENUATION. 
Seetine YALUES OF THESE GROUND CCNSTANTS ARE NOT KNCWN, THE 


FOLLOWIAKG TABLE VALUES MAY BE ASSUMED: 


ieee e SURFACE COVvovetivity (MHO/M) DEEEECTR Ge CONSTANT 


POOR GROUND O.COl 4 
AVERAGE GROUND Q.CQ5 LS 
GOOD GROUND 0.020 2» 
ae WATER 2 «000 81 
FRESH WATER 0.010 81 


ose toleNviey LOW FREQUENCIES, THE EFFECT OF THE 
CONDUCTIVITY OO VIWATES en es AT Sule RCA EN TE Y HIGH 
Meee UENCIES, THE OVEeBEC LA IC CONSTANT DCMINATES. THE 
eesti LON OCCURS BETWEEN 300 TC 3000 MEGAHERTZ FCR OVERSEA 
TRANSMISSION, WHILE CVER "AVERAGE" GROUND THE TRANSITION 
GECURS BETWEEN 5 TO 50 MEGAFERTZ. FOR - PROPAGATICN OVER 
BemeouULAR TERRAIN, AT FREQUENCIES ABOVE 100 MEGAFERTZ, WITH 
PhrenNNAS MORE TRAN FIVE METERS A@OVE GROUND, THE EFFECTS OF 


THE GROUND CONSTANTS ARE SLIGHT AND THE RESULT; FCR VERTICAL 


eminem EZ ONTAL POLARIZATION IS NEARLY THE SAME. UNDER THESE 
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MENOLTICNS THE METFCU IS SPREE LELED BY SASSUMING THE 
Peeve ete OF Vite 'HEOKETITCAL REFLECTION CCEFFICIENT EQUAL TO 
0.95 AND’ THE PHASE SHIFT ECUAL em LERG. » FER MANY 
meteor TONS THIS RESULTS IN AN ESTIMATE OF THE EFFECTIVE 
SermeectiON COEFFICIENT CF 0.9, ANC THE ATTENUATICN MAY BE 
mec eLATED DIRECTLY. TRESE APPRCXIFMATICNS ARE NCCT APPLICABLE 
mem IRANSVISSION GVER THE SEA. 

HG SUMMARIZE, TRE PARAPETERS RECUIREC FOR COMPUTING 
Mememe NCE VALUES OF TRANSMISSION, OCR THE CORRESPONDING 
PeeeiNUATION BELOW FREE SPACE ARE: FREQUENCY IN MEGAHERTZ, 
DISTANCE IN KILOMETERS, ANTENNA HEIGHTS ABCVE GRCUND IN 
freetoy ESTIMATES GF SURFACE REFRACTIVITYs THE TERRAIN 
MeeeGULARTTY iN METERS, THE CCADLCTIVITY IN MHCS/METER, AND 


fgemreeEcatil VE DIELECTRIC CONSTANT CF TRE GROUNC. 


eZ 





Iii. USING THE MOCIFIEO ERL PROGRAM 


iieenOebrFIED ERL CCMPUTER PROGRAM WAS WRITTEN FOR EASE 
OF GUTPUT READING; ACCURACY, AND EASE OF USER DATA INPUT. 
THE PROGRAM LISTING CONTAINS INSTRUCTIONS FOR DATA INPUT. 
THIS ALLOWS THE PROGRAM TO BE USED WITHOUT EXTERNAL PROGRAM 
INSTRUCTIUNS. 

fives ONLY FOUR OATA INPUT CARDS USEC IN THIS 
PROGRAM. IN MANY CASES ONLY ThWO DATA INPUT CARDS ARE USED. 
THIS PROGRAM PREDICTS LONG-TERM MEDIAN RADIO TRANSMISSION 
MmerPeeeOVER IRREGULAR TERRAIN. THUSs THE USER SFCULD NOT 
Seeeet A SHORT TERM LOSS PREDICTION OUTPUT EVEN THOUGH THE 
meer DATA IS OF A SHCRT TERM NATURE. 

INTEGER NUMBERS MUST BE FUNCHED SO THAT THE NUMBER 
Seems iN THE LAST COLUMN NUMBER FIELD. IF SPACES ARE LEFT AT 
THE END GF THE FIELD THEY WILL BE READ AS ZEROS, IN EFFECT 
MULTIPLYING THE DESIRED NUMBER BY A PCWER OF TEN.«~ REAL 
NUMBERS ARE PUNCHED Poe StRING. OF “DIGITS CONTAINING A 


DECIMAL, AND MAY BE PUNCHED ANYWFERE IN THEIR FIELC. 
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FIRST DATA CARD: 
faeweetemotl DATA “CARD CCKTAINS CATA COVERING CODE 
PemeeRS FOR TYPE OF TERRAIN, CB LOSS INFORMATION DESIRED, 


POmOLSTANCE BETWEEN ANTENNAS. TFIS CARD MUST BE INCLUDED IN 
feeOATA CARD SET. 
Seo seOlSLO° 6NTYPE OF TERRAIN" -INITEGER 


CHOEs 1 CULCRADO PLAINS 

(OMIT TRIRD DATA CARC) 
CODE: 2 COECKACS MOUNTAINS 
¥ (OMIT THIRD DATA CARD) 
Cubes 3 Oye Ie 

(OMIT THIRD DATA CARD) 
COE: 4 USEK TERKAIN CATA 

WITREUT DATA SLPPRESSION 
CIC} Os es) USER TERRAIN CATA 


NGS SUTPUT PARAMETERS PRINTED 
Steep 20 "Od LOSS -INTEGER 


CHOBE: 0 NO CE CATA DESIRED 
CUM iy ECON D CATA CARD} 
CODE se) De VATA BESTREL 


COLUMN: 21-30 "“CISTANCE BETWEEN ANTENNAS" ~REAL 
(1-2,0C0) K~METERS 
SECOND DATA CARD: 

THE SECOND DATA CARD CCNTAINS DATA COVERING SIGNAL 
STRENGTH DB CALCLLATICNS AND CLIFUT. IF COLUMN 11-20 CF THE 
FIRST DATA CARD CONTAINS A “O" THE SECOND DATA CARD IS 
OMITTED. | 

COLUMN: O1-10 "TX POWER CLT" (WATTS) 

POSITIVE REAL NUMBER 

COLUMN: 11-20 "TX ANTENNA GAIN" (C2) 

POSITIVE REAL NUMBER 
COLUMN: 21-30 “RX ANTENNA GAIN" (DB) 
POSITIVE REAL NUMBER 
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COLUMN: 31-40 “TRANSMITTER LINE LOSS" (0B) 
POSITIVE REAL NUMBER 
CCLUYN: 41-50 “REQUIREC RECEIVER LINE LOSS" (DB) 
POSITIVE REAL ALMBER 
COLUMN: 51-60 “RECEIVER INPLT LEVEL" (CBM) 
POSITIVE REAL NUMBER 
THIRD DATA CARD: 

THE THIRD DATA CARD CGNTAINS DATA COVERING SURFACE 
REFRACTIVITY; SURFACE CONDUCTIVITY; PERMITTIVITY CR RELATIVE 
DIELECTRIC CONSTANT, AND INTERLCECILE RANGE« THIS CARD 1S NOT 
USED IF COLUMN 01-10 CF THE FIRST OATA CARD CONTAINS A "1", 
wou, OR “3H, 

COLUMN: 01-10 “SURFACE REFRACTIVITY" -INTEGER 

(25C-4CC) N-UNITS NS 
COLUMN: 11-20 “SURFACE CCNOLCTIVITY" (#HCS/ METER) 
CGLUMN: 21-30 “PERMITTIVITY OR RELATIVE DIELECTRIC 
CONSTANT! 
CCLUMN: 31-40 “INTERDECILE RANGE" 
Oh Te 
FORTH DATA CARD: 

THE FORTH DATA CARD CONTAINS DATA COVERING ANTENNA 
POLARIZATION, FREQUENCY; AND ANTENNA HEIGHT GF THE 
TRANSMITTING AND RECEIVING ANTENNA. TEIS CARD MUST BE 
INCLUDED IN THE CATA CARD SET. 

CCLUMN: O1-10 "ANTENNA FCLARIZATICN" ~REAL 


CODE: OL .O0O VERTICAL POLARIZATION 
CODE sa 1 00 HORIZONTAL PCLARIZATICN 
CEetMNe Ll=-20 "FREQUENCY" (MEGAFERTZ) 
(20-4C,CCC) 


COLUMN: 21-30 "STRUCTURAL ANTENNA FEIGHT CF 
TRANSMITTING ANTENNA" ~REAL 
(Onan COO VU IM ieee RS 

COLUMN:31-40 STRUCTURAL SA PGE NNASReLCET OF 
RECEIVING ANTENNA" -REAL 
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Pac Ano ONE CCONTALWS CCLES FOR TRE USE OF COLORADO 
Pees; COLCRADO MOUNTAINS, GR OHIO TERRAIN PARAMETERS. 
meat PARAMETER CPT TONS AoC iter Ro oni SINCE THe yy 
Mieeem WELL=USED GENERAL TYPES CF OIFFERING TERRAIN. FOR 
ByeeePLE; IF THE USER DOES NOT HAVE ANY PARTICULAR TERRAIN 
PENOTANTS TO USE AND WANTED TC CHECK HIS DATA USING A 
meenwraAlNOUS TERRAIN, HE WOULD USE THE COCE IN TFE FIRST DATA 
meee FCR COLGRADG MCURNTAIN TERRAIN. TRE FOLLOWING TABLE 
feeves TE CONSTANTS USED IN TKFE PROGRAM FOR THE PRESET 


TERRAINS: 


SUREAGE SURFACE DIEPECTR TS OH 
MemeAlN REFRACTIVITY CONCLCTIVITY CCNSTANT CELTA-H 


GCHIO S220 0.CC5 L520 90.0 
COLORADC PL. 290.0 Q.CC5 15.C 90.0 
COLORADO MT. 290.0 Ou Lye, 0 E€50.0 


EXAMPLE PROGRAM DATA CARD SETUP 
[fee OlLOWING ThE EXAMPLES SHOULE GIVE JFE USER A 
BETTER GRASP OF SETTING UP TFE CATA CARDS FGR- TFE MODIFIED 


ERL PROGRAM. 


EXAMPLE ONE: 
THE USER WANTS TC USE CCLCRADO PLAINS TYFE TERRAIN 
DATA. HE ALSO WANTS TC USE THE FCLLOWING DATA: | 
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DB LCSS ------------------------------- YES 
FREQUENCY --~--- x—-----------~--~-------- 45C.00 MEG-HERTZ 
TX POWER OUT -----~------------- ~------ 8.CO WATTS 
TX ANTENNA GAIN ------------~---------- 10.00 DB 
RX ANTENNA GAIN -~-~------------------- 13.50 DB 
RECEIVER LINE LOS$ -------------------- 2.00 DB 
ANTENNA POLARIZATION ----- ~------------ VERTICAL 
TRANSMISSICN LINE LCSS --~------------- oem 
DISTANCE BETWEEN ANTENNAS --~---------- 242.0 K=METERS 


Peete tee eECEIVER INPUT LEVEL --------- 

STRUCTURAL ANTENNA FEIGHT OF TX ANTENNA 
\ 

STRUCTURAL ANTENNA HEIGHT CF RX ANTENNA 


EXAMPLE TwQ: 


Slo OSU EM 
4.CC METERS 
40.00 METERS 


iittimeoem WANTS TC USE FIS ChN TERRAIN CATA ANC ODGES 


meee ANT 10 USE ThE SIGNAL STRENCTF PROGRAM 
Meoetee> IO USE THE FOLLCWING DATA: 


HPI. HE USER 


DB LOSS ----~--------------------------- NC 
DELTA-H -~--~-~----------------- aad 750.CC METERS 
FREQUENCY ~-~----------~--------------~- 100.00 MEG-HERTZ 
DIELECTRIC CONSTANT -~--~--------------- Terre 

ANTENNA POLARIZATICN -----------------~ HORIZONTAL 
SURFACE CONDUCTIVITY ------------------ 0.COS MFCS/METER 


SURFACE REFRACTIVITY ----------------- = 
DISTANCE BETWEEN ANTENNAS ------------- 
STRUCTURAL ANTENNA KEIGHT OF TX ANTENNA 


STRUCTURAL ANTENNA REIGHT CF RX ANTENNA 
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B50.0G) N-UNTUS 
S00. CO eK—ME TERS 
S005) Meliks 


72.08 METERS 





TABLE CF 
CARDS ANC 
CCLUMNS 


FIRST DATA CARD 
c= 10 
m= 20 
“a- 30 


SECOND DATA CARD 
el—10 
P= 2C 
a= 350 
241-40 
L=5C 
51~60 


ieee D CATA CARD 
C1-10 
me 20 
mL- SC 
31-4C 


FOLRTH CATA CARD 
Cl1-10 
11~2C 
21-30 
31-40 
NOTE: ALL INTEGER 


lie EXAV PEE LATA 
EARL PLE 
CNE 


242.C 


(iy OM @& 
@ e 
‘a ee aa 


° 
in 


_ = 
e 


_ 
— 

fy NM A) 
& e 
Cr OC) a 


(NOT USEC) 


1.C 

45C.C 

4.C 

4¢C.C 

Vee ors 18 E 


PeoreCliVE CCLUMN FIELCS. 


THE NEXT SECTICN, 
SAMPLE CUTPLT DATA FCRMATS. 


PAGE 23. 


18 


RIGHT JUSTIFIEC IN 


SHAR TENG Ch 
ire ecCoRAY 


CARC SETTINGS 
EXAMFLE 
TWO 


4 
0 
300.00 


(NOTAUSED) 


eye) 5) ONG 
0.005 
15.00 
150.00 


eee) 
100.00 
Bi e0D 
12.08 
THEIR 


CEhIAINS «JHE 
ON 


FAGE 19; 
mS NG eS Ak iS 
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